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Improvements in or relating to Well-Flow Control Deyices 



Wc, Sun Oh. Company a Corporation 
OTganized under the laws of the State of 
New Jersey, United Suics of America, of 
1608 Walnut Street, Philadelphia 3, Penn- 
sylvania, United States of America, do here- 
hy declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by whidi it is to be performed, to 
be particularly described in and by the fol- 
lowmg statement: — 

This invention relates to a well-flow con- 
trol device useful in the iffodnction of hydro- 
carbons from wells, and more particolarly 
to a tool for enabUn^ the production of wdl 
fluids from a plurality of formations pene- 
trated by a well, or in other words, a mul- 
tiple completion tool. 

In wdl drilling practice, a single well may 
penetrate a plurality of formations which 
contain oil or gas. It is often desirahle, in 
such cases, to complete the well for simul- 
taneous productian from more than one of 
the formations penetrated. The conventional 
procedure for doing this is to effea a dual 
completion, with the flow from a lower for- 
mation or zone taking place through the well 
tubing, and the flow from a higher forma- 
tion or zoat taking place through ie annulus 
betwe en &e tubing and casing. Chokes arc 
provided at the surface (wdl head) for 
sqiaratdy relating Ac rates of flow of the 
the two streams, to confonn to the allowable 
productian rates for eadi zone. 

llie foregoing method of dually com- 
pleting a well is unsatisfactoiv, for several 
reasons, Producdon tfarou^ the annulus is 
hazardous, due to the fact Aat Ac fluid 
stream tends to cause corrosion and erosion 
of the casing, tberdsy allowing the possibility 
of a blow-out, or subterranean loss of hydro- 
carbons to an iipper formation* Also, when 
It becomes necessary to utilize gas lift to 
effect flow from the fonnatloiis, & gas lift 



can be applied for only one zone at a tim^ 
and that only in an eflfidcnt manner; con- 
sequently, both production strata cannot be 
depleted simultaneously. In many cases, this 
results in large quantities of otherwise re- 
coverable oil being left in the reservoirs. A 
further unsatisfactory condition arises when 
the annulus zone (the higher zone) begins to 
produce sah water. Due to ineffident flow 
in the annulus, salt water accumulates there- 
in, and thus loads up the wdl and stops the 
oil flow. Production from that zone then is 
generally abandoned. Later anempts to pro- 
duce from such zone, after ihe other zone 
has become depleted, often fail to restore the 
production. Snil another drawback b con- 
ventional dual completions is that paraffin 
often tends to accumulate in the annulus; 
sucb accumulations are difficult to remove. 

According to the present invention there 
is provided a wdl-flow control device adap- 
ted to be positioned in wdl tubmg for con- 
trolling the flow of a fluid into the mbmg 
from a producing formation, comprising an 
outer housing having an opening for com- 
nmzdcation with the interior of said tubing; 
means carried by the housing for reirievabty 
loctoig the same at a predetermined location 
in the tubing, packing means for dosing tiic 
annular space between the housing and tub- 
ing above said opening, said housing having 
an internal Sow cbaimd eictendlng upwardly 
from its opening; an inner housing having 
an tntcxnal fluid flow passage for communica- 
tion with said flow diannd and with the m- 
terior of said tul^ above said packing 
means; means carried by ihe mner housing 
for retrievably fastening the same in pontion 
in said outer housing but allowing tbe witii- 
draw^T of the iimer housing without the de- 
vice from the wdL The opening may dther 
be across the lower end of the outer housing 
or be a side part. 
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Accxixding to another aspect of the present 
invention provides a flow oonuol device com- 
piisiog a main flow control device and an 
auxiliary flow control device which can be 
S Tcmov^ from the main flow control device 
widiout removing the latter from the well, 
for a well flow conductor having a longimdi- 
nal flow passage and a first lateral 
port communicating widi the flow 
10 passage intennediate die ends thereof, 
the main flow control device indudmg: 
an elongate mandrel positioned in die well 
flow conductor and provided widi an internal 
flow passage for conmmnicating at its upper 
15 end with the flow passage in the well flow 
conduaor and with a second lateral port 
intermediate the ends of the mandrel for 
communicating with the exterior of die man- 
drel and said internal flow passage and widi 
23 said first lateral port; seal means carried by 
the mandrel for sealing between the well flow 
conductor and the mandxel bdow said lateral 
ports, said mandrd having an aperture for 
communicatiiig widi the flow passage of the 
25 wdl flow conductor bdow the seal means; 
means carried by the mandrel peimitung 
flow in one dirccdon only into the internal 
flow passage of the mandrel throng said 
second lateisd port and said aperture; die 
3'3 smxiliaiy flow conOTl device being rdeasably 
socurable to the upper end of the mandrel 
end having means extending mto said inter- 
nal flow passage providing with said internal 
flow passage, when the auialiary flow control 
35 device is secured to the main flow conuol 
device, a first flow passage communicating 
with said second lateral port of the mandrel 
and opening upwardly into the well flow 
conduaor above said first lateral port and 
40 provijing a second flow passage^ communica- 
ting with said aperture and opening upwardly 
into the well flow conductor. 

An objea of this invcndon is to provide 
new and improved means for con ^cd ng a 
45 wdl for annultaneous producdon nom two 
of mor« zones (a well Known as a •^multiple 
compIedon'O* while avoidmg the disadvan- 
tages of conventional dual completkms» such 
as diose described above. The construction 
50 of the device or tool of the present invention, 
while avc^iing the disadvantages of conyen- 
tional dual completions, provides additional 
advantages. Among the latter may be men- 
tioned the elimination of any possibihty of 
r> dogging of the diohes by foreign matter, die 
dimmatkm of any possibility of erosicai of 
tool parts by hi^-vdodty flow through the 
didc^ and the improved corrosion resis- 
tance of the check valves used in the tool. 
(iO Operation of a weD accordmg to the to- 
venticn involves the use of a two-part or 
two-piece flow control device^ hetcmafter 
described, whidi is positioned hi die wdl 
tubing a^ficent one of the producing fonna- 
^ T-cns Fluids from Ac formations pass as 



separate streams through the flow control de- 
vice and ihcreafter conuninglc in the tubing, 
and flow from the tubing at the well head as 
at single stream. The flow control device 
contains choke means which, in addiuon to 70 
its normal production-limiting function, 
cautes a fluid stream from a zone of high 
pressure to undergo a sharp pressure drop 
prior to commin^ng with another stream. 
The resulting pressure reduction causes or 75 
facilitates the flow of fluids from one or more 
of the zcncs of rdativdy low pressure. 

The two-piece flow control device com- 
prities: (1) an outer houdnfe wfaidi is re- 
tricvably locked at a predetermined location CO 
in the tubing (by means of a landmg nipple 
provided in the tubmg); and (2) an mner 
housing which Is rcirievably fastened in the 
outer housing. The outerhousing has two 
sroaiate internal flow diannds which arc S3 
adapted to communicate, respectively, with 
the two producing zones or formations, and 
this housing mounts a check valve in each 
dianneL The inner housing provides two 
separate internal fluid flow passages which 9C 
communicate^ rcspectivdy, with the flow 
channels of die outer housing, and mounted 
in the upper end of this inner housing are 
two chokes one for cadi fluid flow passage. 
Fcr controlling the flow of fluid from a single 95 
formation or zone^ the inner housing would 
be provided with only one fluid flow passage, 
and one choke. 

A detailed description of the inv ention 
f oUo\7s, taken in conjunction with the accom'> 100 
panying drawings, whereto: 

Fig. 1 is a sdiematic representation of the 
device or tool of the invention in podtion m 
a wdl; 

Fig?. 2A, ZB, 2C and 2D togedier con- 105 
stitme Fig, 2, which is a detailed view, partly 
m section, of the tool of the invention in its 
operative position, but dissodated from a 
well; 

Fig. 3 (m two parts) is a partial view simi- 110 
lar to Fig. 2, but showmg the toner housing 
to its unlct^ed or pulltog position; and 

Figs. 4A, 4B, 4C, and 4D togedier con- 
stitute Fig. 4, wfaidi is a view similar to Fig 
2 but illustrating anodier onbodiment of the 115 
toventioo. 

Referrtog first to Fig. 1, whidi is a some- 
what sdiematic represcntatton illustratmg die 
invention, a wdl has a casing 10 whidi has 
been conented to place to the usual mamier. 120 
The wdl traverses two (noduction zones 
(produdng formations), illustmted as an up- 
per Zone A and a lower Zone B, whidi inay 
be either gas or oil formations. The castog 
has been perforated for productitm from both 125 
zones, as iOastrated by perforations 11 ad- 
jacent Zone A and perforations 12 12 ad- 
jacent Zone B. A tubing string 13 is pod- 
tioned to the castog and die ansulus theie- 
l?ctw^ is dosed of near die botlQm q! tbe 13Q 
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tubmg by means of padccr 14, whidi latter 
prevents communication between the two 
2oncs by way of die casing-tubing annulus. 
The tubing carries a landing nipple assembly 

5 15 (to be described in detail hereinafter) in 
whidi the omer assembly 16 of the flow con- 
trol device is retrievably locked, in a manner 
to be described hereinafter. The landing 
nipple assembly 15 is positioned adjacent 

10 Zone A, and contains ports 17 (located above 
padcer 14, and comnxunicating with the 
casing-tubing ammlus) for receiving fluid 
from this zone. 
It should be apparent that another piacker 

15 (not shown), similar to packer 14, would be 
pioyided above ports 17, to seal the casing- 
tubing annuhis above these ports and to pre- 
vent the flow of fluid from Zone A to the 
surface by way of this annuhis. Snitable 

20 packers foi these cassng-tubing annulus seals 
or closures are described in detail in United 
States Patent No. 3,022, 828, dated February 
27, 1962. ^ 
Tht outer assembly or housing 16, whidi 

25 may be located and locked in nipple assembly 
15 by means of wire line equipment^ forms 
an annulus 18 with the landing nipple 
assembly 15. This outer housing contains 
upper aide ports 19 for passage of fluid from 

30 Zone A, and lower side ports 20 for passage 
of fluid from Zone B. Ports 17 and 19 com- 
mum]cate witii annulus 18, and ports 20 com- 
municate with the interior of the tubing 13. 
^ Upper packing means 21, positioned in an- 

35 nuhB 18 above ports 19, and lower packing 
means 22, positioned in annulus 18 between 
ports 19 and 20, prevent fluid flow along 
the annulus 18 and force the fluid from the 
tipper Zone A to flow througji ports 19 into 

40 housing 16; packing means 22 also forces 
the flm'd from the lower Zone B to flow 
through ports 20 into housing 16. 

The upper side ports 19 define one end of 
a first internal flow diannel vrhidi extends 

45 upwardly Qn outer housing 16) from such 
side ports. A resilient sleeve-type diedc valve 
23 (illustrated schematically in Fig. 1, but to 
be described more completely in connection 
with Fig. 2) is positioned in this flow chan- 

50 nd, to prevent badcflow of fluid toward the 
upper Zone A. The lower side ports 20 de- 
fine one end of a second intcraal flow chan- 
nel which extends upwardly (in housing 16) 
from such side ports. A r^ilient sleeve-type 

55 dbcA valve 24 is positioned in this second 
flow chaime], to prevent badcfiow of fluid 
toward the lower Zone B. 

The lower end of outer housing 16 has 
riierdn an equalizing valve member 25 whidi 

60 is nomiaily in a position such as to seal the 
lower end of ^ hoiking. Tlic lower end of 
tulmig 13, bdow mdEcr 14, is open or is 
ported, as indicated by dotted Ihies 27 in Fig. 
1, so that fluid from Zone B can flow thm^^ 

65 casing perforations 12 and into the interior of 



tubing 13, as indicated by the arrows 26, and 
thence can flow upwardly in the tubing and 
through housing ports 20 and past check 
valve 24 into the interior of housmg 16. The 
series of arrows 26 thus indicates the lower 70 
zone flow path. 

A so-called "blast joint" 28, providing a 
spedal abrasion-resistant surface, couples the 
lower end of nipple assembfy 15 to the ad- 
jacent section of tubing 13, in a region hori- 75 
zontaUy aligned with casing perforations 11. 
A flow coupling 29 couples the upper end of 
nipple assembly 15 to the adjacent section of 
tubing 13. Thus, it may be seen that the 
landing nipple assembly 15 in effea serves so 
as a spedal section of tubing insencd in the 
tubing string. Fluid from Zone A flows 
through casmg perforations 11 and mto the 
casing-tubing annulus, as mdicated by the 
arrows 50, and thence upwardly in this an- 85 
nuhis and through tubing ports 17 and hous- 
ing ports^ 19 and past check valve 23 into 
die interior of housing 16. The scries of 
arrows 30 thus indicates die upper zone flow 

P^2^ . . 90 

Summanzing the description dnis far, with 
the outer hoismg 16 run and locked in place 
in nipple assembly 15, production from eadi 
zone can sepnrateiy enter the housing, but 
communication between zones is prevented 95 
by the resilient check valves 23 and 24. 

An inner housmg 31, which may be termed 
an orifice head assembly, is retncvably &s- 
tened in position in the outer housing 16, in 
a manner to be fully described heremafter. 100 
The inner housing is run separately from 
outer housing 16, by means of wire line 
equipment, and seats in the running neck of 
the outer housing; this will become dearer as 
the description proceeds. The mner housing 105 
31 forms on annuhis 32 with the outer hous- 
ing or assembly 16. Upper packing means 
33, carried by housing 31, schematically seals 
annulus 32 above housing ports 19, while 
lower padcmg means 34, also carried by no 
hcusing 31, seals annulus 32 below ports 19. 
The inner housing or orifice head assembly 
31 has two sqiaxate internal fluid flow pas- 
^gc3, each of ^di tennmates in a re^ec- 
tive chdce bean mounted at ^ upper end 115 
of this assembly. 

More specifically, one fluid flow passage 
(denoted generally by numeral 35) opens 
into or cramnunicates with the interior of 
outer houang 16 bdow the lower padong 120 
means 34, as indicated by dotted lines 36. 
Passage 35 extends upwardly through hous* 
mg 31 and terminates in a choke means 
(carbide-faced dioke bean) 37 at the iqjper 
end of housing 31. Passage 35 thus forms a 125 
contmuation of the lower Zone B flow path 
26, and the production rate from the lower 
Zone B is controlled by dioke 37. 

The other of the two fluid flow passages 
(in inner housing 31) previously referred to 131» 
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communicates wnii the annulus 32y as 
Bdiematically fllustrated at 38, extends up- 
wardly through housing 31 (separately from 
pessage 35]^ and terminates in a choke means 
5 (carbide-faced choke bean) 39 at the upper 
end of housing 31. Chokes 37 and 39 are 
parallel to each other, and diey arc boih 
located at and mounted in die top of housing 
31. It may be seen that fluid from the upper 
10 Zone A flows past check valve 23 into the 
annulus 32. The last-mentioned flow passage 
forms a continuation of the upper Zone A 
flow path 30, and the production rate from 
the upper Zone A is controlled by choke 39. 
15 It may be seen, from the f oregomg, thai 
separation of the production from the two 
Zones A and B is maintained prior to the 
chokes 37 and 39, so that the initial point 
of commin^g of the two streams is just 
20 downstream from the choke beans 37 and 39, 
i.e. just above these two beans. Above or 
downstream from the choke beans, the two 
fluid streams commingle, and commmgled 
flow to the surface takes place upwardly 
25 tfarou^ the tul»ng string 13. , , 

The pressure at the p«nt of comminglmg 
Qusc downstream from the choke beans 37 
and 39), which is a function of gas-Hquid 
ratio, production rate, and tubing size, need 
30 be only that required to lift die combined 
( mwimm gjgd) ftujds to tilc surfacc. That is 
to say, energy is released at this point of 
commin^g. It is therefore possible, in 
many wells, for tlic weaker (pressure-wise) 
35 zone to enter the mbing, even though^ ig 
rcscrv<nr prcssmr may be considerably lower 
than the other. 

In order to determine how mudi each zone 
contributes to the combined or commm^ed 
40 flow stream, a sqjaratc test of one zone can 
first be made, by blanking off prodacuon 
from the other vnth a plugged dioke bean. 
This determines the production rate from 
said one zone. A test may then be made widi 
45 both zones (sands) producing the increase in 
production beuig cteiUted to the zone not 
tested separately. In order to change chokes 
to sudi tests, or to change production 
chokes diould this become necessary, all that 
50 is rcquiicd, vrith the tool of this invention, is 
to pull the inner housing (orifice head 
assemWy) 31, by means of wire line equip- 
ment tdiile leaving the outer bousing 16 in 
place; This is a very simple wire-line opcra- 
55 tion, a routine operation in the hands of an 
experienced wire-line operator, and thus one 
xMdt requires a minimum amount of time. 
When the inner housing 31 is pulled in this 
manner, die outer bcusmg 16 remains in the 
60 well, separation betweai the zones then befag 
maintained by means of dteck valves 23 and 
24, and packers 21, 22, and 14. 

It is pointed otit that botii of tiie cfacto 
37 and 39 are in the same sm^ assembly 
65 (to wit, housing 31), It is often dearable to 



change the chokes conuolling each of the two 
zones, and to do so at the same time. Utiliz^ 
ing the construction of this invention, this 
can be accomplished in one operation, by 
pulling the housing 31 from the welL 70 

It is also pointed out that when the outer 
housing 16 is left in the well in this manner, 
while pulling the inner housing 31, nothing 
that contacts the tubing is moved or dis- 
turbed, which means that there can be no 75 
possible damage to the tubing. This feature 
is quite important, particulady when plastic- 
coated tubmg is employed in the wdL 

When the two diokes arc mounted parallel 
to each other and at the top of the tool, as 80 
described, the flow from the chokes is ver- 
tically upward and is unobstructed, and there 
arc no metal surfaces exposed to the flow 
from the dkdkes (and theiefore, there arc no 
such stirfaccs subject to rapid erosion, with 83 
consequent failure of the tool). 

Fig. 2 is a detailed view, partly in section, 
of the tool of the pn^ent invention, both the 
outer and inner housings being illustrated in 
their operative positions, but the casing and 90 
well being omitted for simplicity. The con- 
formity of Figs. 1 and 2 will become ap- 
parent as the description proceeds. 

The elong^itcd outer housing 16 carries at 
its top a tunning neck 40 in whidi the inner 05 
housing or orifice head assembly 31 seats. 
This running neck is integral with or fixedly 
secured to Ae outer housing 16, this housing 
also having a pulling neck 41 which is slid- 
able thereon. Latching or locking means, com- 100 
prising a plurality of spaced dogs 42 v^ch 
are pivotally attached to pulling neck 41, arc 
provided for securing the outer housing 16 
in place in tte upper or landing nipple por- 
tion 15a of a three-part lawiing nipple 105 
assembly 15, which latter may be, for ex- 
ample an "Oris T^pe S Side-Door Oioke 
Landing Nipple Assembly". The landing 
nipple assembly 15 comprises the landing 
nipple portion 15a, previously referred to, 110 
a poned collar 15b threadedly secured at its 
upper end to the lower end of portion 15a, 
and a polish nipple 15c tiircadedly secured 
at its upper end to the lower end of collar 
15b. The portion 15c is provided with 115 
threads at its lower end, for coupling to lower 
tubing sections (not shown) of conventional 
construction, wmt portion 15a is threadedly 
connected at its upj^ end to a conventional 
tubing collar 43, and by means of this latter 120 
collar to tipper tubing sections (not shown) 
of conventional construction. The landing 
nipple assembly 15 is located in die tulnng 
string as to be adjacent to Zone A (see Fig. 
1). ^ 

The dpgs 42 arc pivotally suspended from 
pulling nedc 41, by means of an inwardly- 
exten&g c^indrical boss at die lower end 
of nedt 41 whidi fits into a matdiing recess 
provided at Ac tq?per end of cadi of ^d<^ 130 
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42. The inoer siirfaces of these dogs are posi- 
tioned against a bevdcd or tapered portion 
of the body of housing 16, as indicated at 
44, this tapered portion increasing in 
5 diameier toward its lower end. The dogs 42 
move venically with neck 41, so that the in- 
ner surfaces of the dog$ are slldable on the 
iBpered surface 44; therefor^ downward 
nsoveaieat of the dcg^ relative to the tapered 
10 sijiface 44 causes the dogs to move out- 
wardW. D05S 42 are a^pted to enter a 
cylindtical iccess 45 of limited length pro- 
vided in the landing nipple 15a, The latch- 
ing or locking means here described is quite 
15 similar to that disclosed in Miller U.S. Patent 
No. 2,673,614, dated March 30, 1954. 

Below dogs 42, the outer housing 16 carries 
a set of spring-loaded keys 46 which are 
mounted around the housing. These keys re- 
20 semhle an ordinary door key and are "pro- 
filed" to match with an identically-shaped 
locating recess 47 mtdiincd within the bore 
of the landing nipple portion 15a, 
Before proceedmg to a description of the 
25 flow controlling portions of the mol, the 
operation of the landing and locking means 
for the outer assembly or housing, which 
means has just been described) will first be 
explained. This landing and locking means 
30 onnprises means for retrievably lo:±ing the 
outer housing at a predetermined location in 
the tubing. When the outer housmg 16 is 
ready to be inserted into the well, the same 
is kjwcTtti into well tubing 13 (see Fig. 1) on 
35 a wire Knc^ by means of a suitable running 
tool which attaches to running neck 40. This 
running tool rnay be of a type known m the 
art. The runnmg tool (not shown) grips the 
housing 16 in such a way that running nedc 
40 40 and puUing neck 41 arc held together. In 
other words, the upper part of tfc pulling 
neds 41 is held higher than shown on the 
running neck 40 by the running tool, as the 
housing is lowered. This means that the dogs 
45 42 will ride higher on the tapered portion 44 
than shown in Fig. 2. 

The housmg with keys 46 will pass down- 
wardly until it reaches landing nipple por- 
tion 15a, which has a recess 47 sudi as to 
50 match keys 46. When the outer housing 16 
reaches dils landing nipple portion, the 
spring-loaded keys 46 "select" the matching 
recess 47, and move outwardly into this 
identtcaOy-shaped recess. This prevents for- 
55 thcr lowering of the outer housing. The wire 
line is then manipulated in sndi a way tiiat 
the "jars", which are run lust above tiie 
ning tool, impart a downward hammer ac- 
tion to the housing. This shears a pin widiin 
60 the running tool aind frees the ptdling neck 
41 for movement downwardly, allowing the 
dogs 42 to fall fredy and move down the 
tapered portion 44, into the locking position 
shewn in Fig. 2. Upward jaring then drives 
65 the tapered pardon 44 upwardly, sliding this 



porrion upwardly agamst the dogs 42 and 
forcing them into locking posidon in recess 
45, as shown m Fig. Z TfcSs lodes the outer 
housing 16 fast in landing nipple porrion 15a. 
Addiuonal parring tmwardty then releases 70 
the running tool, which is withdrawn from 
the wen on the wire line. 

The cuter housing 16 ordniarily remains 
in posirion in the well at all times, and does 
not ordinarily need to be removed herefrom. 75 
However, whoi removal thereof is necessary 
(for example, in order to rqwir or rej^ce 
the check valves), the outer housing nay be 
pulled from the well by means of a pidlmg 
tool known in the arL 80 

The landing, or locating, and locking 
mechanism just described is enrirely conven- 
tional, so further description thereof does not 
appear to be necessary. For further details 
of sudi mechanism, reference may be had to 85 
the Miller patent, previomly mentioned. 

The running ned: 40 is hollow, as is the 
outer housing 16, so that a continuous bore 
extends from end to end (l«ig?tudhiany) of 
this outer housing This bore is open at its 90 
upper or lumimg nedc end, but is dosed at 
its lower end by means of a plug or equaliz- 
ing valve member 25 which carries a sealing 
O — ^ring 48 in a groove in its outer surface; 
O — ^ring 48 makes sealing conua with the 95 
inner cylindrical wall of housing 16. Member 
25 is ordinarily maintained in position at the 
lower end of housing 16, by means of a shear 
pm 49 which extends through the wall of 
housing 16 into member 25. The normal 100 
posirion of member 25 fas maintained by 
shear pm 49) is such tiiat rmg 48 is 
located above a plurality of radiaUy-extend- 
ing ports 50 which extend through the side 
wall of housing Id. When it h desired to iac 
withdraw outer housing 16 from the well, 
a "jar" and pulling tool are lowered into the 
tubing by means of a wire line, and manipu- 
lated to drive member 25 downwardly so as 
to shear the pin 49. When pm 49 is so no 
sheared, member 25 moves downwardBy 
within the housing 16 a distance such that 
0-ring 48 moves below ports 50, thereby 
opening communication (by way of ports 50) 
between the lower end of housing 16 and the 115 
surroimdxng fluid. This causes an equalization 
of pressures between the interior and exterior 
cf housing 16, so that housmg 16 can readily 
move upwardly in the well, once this housing 
IS unlo<±ed from the landing nipple portion. 120 

In a region of outer housing 16 above 
member 25, a plurality of narrow elongated 
sicrts 20 (dongated hi the circumferential 
direcaoD of the housing arc cut through the 
outer wall of tiiis housmg. These slots are 125 
made narrow (in the vertical direction) to 
serves as screened ade pons in die wall of 
the cuter housing; the width (vertical) dimen- 
sicn cf tiiese slots will be further referred to 
hereinafter. ion 
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Fluid from the lower Zone B (Hg. 1), 
which enters the casiag by of perfora- 
tions 12 and which flows upwardly throng 
tubing 13 from die lower cpai end diereof or 
5 from ports provided in the tubing^ can flow 
arcund the outside cf outer housing 16 (at 
the lower end of this housing]) and can flow 
into the interior of this housing by way of 
the housing side ports 20, A separate internal 
10 flow diani^ extends upwardly from the side 
pons 20, This flow diannd indudes an an- 
nular dmnncl 51 in outer housing 16 and a 
plurality of inclined bores 52, which latter 
communicate at their lower ends widi the 
15 upper end of channel 51 and at dieir upper 
ends with die imcriiir of bousittg 16. 

A resilient slecve-wpe dicck valve mem- 
ber 24 is positioned In annular channel 51, 
to prevent badi-fiow of fluid through side 
20 ports 20. Any downward flow of fluid in 
channel 51 causes the upper edge of yaive 
24 to move outwardly against die radially- 
outer side of this channel, therdsy covering 
or sealing off ports 20 from ladially-outward 
25 flow. The check valve should be constructed 
of a tougji material, such as **Neoprene" 
(Registered Trade /wlark), 'Urethane", 
"Teflon" (Registered Trade Mark), etc 
whidi is unaffected by well fluids and which 
30 has suffidcnt flexibility for movement of die 
upper edge therof outwardly against the 
outer side of channel 51. Such material is 
hi^y resistant to abrasion by sand or odier 
materiab which mav be present in the wdl 
35 fluidsj and is also hi^ily resistant to corro- 
sion by corrcsive liquids whidi may be 
present in such fluids. It is pointed out diat 
resilient diedc vaWes of this type have bem 
proven m service to have a long life^ in fact 
40 very long os con^yaied to other types of diecfc 
valves, sudi as metal faall-diedw vah^. 

Above baits 52, die outer bousing 16 car- 
ries a paddng member 22 whidi engages the 
inner q^drical xvall of polish nipple 15c, to 
45 seal o^ the anmilus between the landing 
nipple assembly 15 and the outer housing 16. 

Above pac^g member 22 the poned 
cellar 15b is provided vwth a jJuiafiiy of 
radiaUy-estendmg ports 17 vrbidk provide 
50 communication between the casing-tubing 
annulus (see Fig. 1) and the nij^lc assembly- 
outer housing annulus 18. Fluid from the 
upper Zone A, vrhich flows into the casing- 
tubing ann^^^us by way of perforauons 11 
55 (Fig. 1), flows through ports 17 imo ammlus 
18. In the vicinity of ports 17> a plurality of 
narrow doci|^tcd slots 19 (dkmgated^ in the 
drcmnferential direction of the honstn^ axe 
cut througib the enter wall of outer housing 
60 16. TTscse slots are made naxiow (joi ibt w- 
. tical direction) to serve as screened side ports 
in tibe wall of the outer housing; the width 
(vertical disoensioii of diese slots will be fur- 
ther referred to hereinafter. 
65 A separate integral flow channd extends 



upwardly from the side ports 19. This flow 
channd indudes an annular channd 53 in 
outer houdng 16 and a frfurality of incliiMxl 
bores 54, which latter communicate at their 
lower ends with die upper end of c hannel 70 
53 and at their upper ends vnth the interior 
of outer housing 16, in die r^on of an- 
nulus 32. 

A resilient sleeve-type check vahe member 
23, exactly similar m constmcdon and 75 
material to valve member 24, is podtioned in 
annidar diannd 53, to prevent backflow of 
fltnd thnni(E^ side pons 19. 

It may be seen that valve members 23 and 
24 axe both carried by outer housmg 16, and 80 
ace thus both maintained in posidon even 
when inner housmg (orifice head assembly) 
31 is pulled or removed from the well, the 
omer housing 16 remaining in the wdl at 
this time. Therefore, scparadon baween the 8S 
two producing zones is maintained at all 
dmes, even when the chokes are bdng re- 
placed for test or repair purposes. 

Above pons 19, the outer housing 16 
carnes a paddng member 21 which engages 90 
the iimer cylindrical wall of landing nipple 
poruon 15a, to seal off the annidus between 
the landing nipple assembly 15 and the outer 
housing 16. 

Tlie iimer housing or orifice head assembly 95 
31 is a member separate from outer housing 
16, and is reaievabl^ fastened in poddon in 
such omer housing m a manner to be fully 
described heremaficr. Housing or assembly 
31 comprises an upper snbstaniially cylindri- 100 
cal main body ponion 55 to whidi is secured, 
as by means of weldmcnt 56, a prong-like 
aidal downward^eztendmg tubular mem- 
ber 57. TTie interior of tubular member 57 
provides the fluid flow passage 35, which was 105 
previously referred to in connecdon with Fig. 
1. When inner housing (orifice head 
assembly) 31 is in posidon in outer housing 
16a tube 57 extends downwardly within outer 
housing 16, this tube being smidler in outside 110 
diameter than die inside iamctcr of liousing 
16, thereby to leave an annular space 32 
between this tube (poruon of inner housing 
31) and outer housing 16. Tlibe 57 extends 
down to a point bdow the ports 54, and the 1*5 
lower end of this tube, bdcw the pons 54 
in housing 16, is eidarged somewhat in 
diameter and carries a pair of Q-rings 34i 
to provide a seal bet w een the outer snrCace 
of ikas tube and the inner wall of housing 120 
16. O-nngs 34 ccsx^nse a paddng means 
viduch delimits the lower end of annulus 32, 
and seals ammlus 32 bdow pons 19 and 54. 

The extreme lower dp of tube 57 is 
tapered, or made somewhat frusto-conical in 125 
ccmfignradon, to faciliiate or ensure the 
cntiy cf the lower eml of this tube into the 
upper end of running nedc 40 of outer hous- 
ing I63 when the inner housing 31 is being 
nm mto the outer housmg 16. At its dp, 130 
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tube 57 is provided with a f^urality of in- 
clined bores 58, which connnimicate at their 
lower ends with the interior of housing 16 
below padung means 34 and at their upper 
5 ends whh the interior of tulae 57, i.e. with 
the fluid flow passage 35. It should therefore 
be appareoc that the internal fluid flow pas- 
sage 35 (interior of tube 57) communicates 
0^ way of bores 58) with the outer housing 
10 flow diannel 51, 5Z Fluid from the lower 
Zone B thus flows into tube 57 by way of 
side ports 20, channel 51 (past valve 24), 
bores the interior of outer housing 16, 
and bores 58. This fluid flows upwardly in- 
15 side tube 57 (passage 35). 

At weldment 56, an offset diannel 59 is 
coupled to the upper end of tube 57, chan- 
nel 59 leading upwardly thrt)ugh the body 
55 of die umer housing (orifice hesd 
2J assembly) to the lower end of a rqdaceable 
diofce 37 havmg a coibide-faced throat 60. 
Choke 37, throng which all the fluid from 
the lower zone thus passes, controls die rate 
of flow of this fluid. Choke 37, whose djroat 
25 or i^ssage 60 extends longitudinally of body 
55, is held in position at the upper end of 
inner housing 31 by means of a threaded nut 
61, which has an axial opening therethrough 
and which threads into a tapped aperture at 
30 the upper aid of housing 31. 

In the body ^ordon 55 of inner bousing 
31, there is provided a short sleeve 62 which 
surrounds but is space from tube 57. This 
sleeve carries a pair of O-rings 33, to pro- 
35 vide a seal benveen the outer suifece of the 
sleeve and the inner wall of the running ncdk 
40 of outer housing 16. In effect, then, the 
oriflce head assembly 31 seats In the Tunning 
neck 40 of the outer housing 16. The annu- 
40 iar space provided between tube 57 and 
sleeve 62 communicates at one end with an- 
nulus 32 (of outer housing 16), and at its 
opposite end with an flnnnlflr diamber 63 
(provided by the body of inner housing 31) 
45 which surrounds diannd 59. 

To the upper end of diaraber 63, a chan- 
nd 64 is coupled, channd 64 leading up- 
wardly dmjugh the body 55 of the inner 
housing (orifice head assembty) to die lower 
50 end (tf a rqdaceable ch(^ 39 having a car- 
bide-faoed throat 65, Choke 39, whox throat 
or passage 65 extends longitudinally of body 
55, is held in posidon at the upper end of 
inner housing 31 (and paralld to choke 37) 
55 by moms of a threaded nut 66, which has 
an axial opening theredirough and which 
threads tnto a tapped aperture at tiie upper 
end of honsmg 31. 
Fluid from the upper Zone A flows into 
60 dumnd 64 by way of potts 17, anmilns 18, 
side ports 19, channd 53 (past valve 23), 
boies 54, annuhis 32 which it flows 
waxdly), the annular ^ce within sleeve 62, 
and aimular chamber 63. Choke 39, dirou^ 
tZ which all of the fluid from the upper zone 



passes, control the rate of flow of this fluid. 

The fluids from the two Zones A and B 
are mixed or commingled above (i.e., down- 
Btceam of) the two chokes 37 and 39 (see 
Fig. 1). This process may be termed sub- 70 
surface commingling. 

It has previously been stated diat the 
chokes 37 and 39 are carbide-faced; dnis, 
they are made of an esiremdy hard material 
and have long life. Moreover, they are of 75 
standard size, so that predetermmed pro- 
ducing rates for the zones can ,be set. 

The width ^.e., the vertical dimension) of 
the entrance slots 20 is less than the diameter 
of choke passage 60 in the lower zone choke 80 
37. Lfl^wise, the width (i-e., the vertical 
dimension) of the entrance slots 19 is less 
than the diameter of choke passage 65 in the 
upper zone choke 39. Ibis feature provides 
a screening effect for the inlet ports of the 85 
tooL Fartides large enou^ to stop up or 
dog the diokes are prevented from entering 
the tool and then fmding didr way to the 
diokes, due to the smal size of the entrance 
slots at the inlet ports. 9^ 

It has been stated previously that the in- 
ner housing 31 (orifice head assembly) is a 
separate member, whidi is retrievably 
fastened in posidon in the outer housing 16. 
The orifice head assembly 31 is nm and 95 
pulled independently of tht outer housing 
16. The struaure for retiievably fastening 
assembly 31 m position will now be des- 
cribed. 

The running neck 40 of outer housing 16 100 
has a diameter greater than does the main 
body of this housing, and at the junction be- 
tween this neA and the housing main body 
there is provided a bevded (frusto-conical) 
surface 67 whidi extends outwardly and up- |05 
wardly with respect to the housing body. A 
plurality of dongated fingers 68, together 
forming a coflct 69, are mounted at their 
upper ends in a circumferential recess 70 
near the upper end of the body portion 55 110 
of the orifice head assembly 31. Thus, the 
fingers 68 are rather rigidly fastened to body 
portion 55 of assemb^ 3L At thdr lower 
ends, fingers 68 have inwardly and down- 
wardly-extending tapeied surfaces 71 (com- 115 
piementaiy to the surface 67) whidu in the 
locked position illustrated in Fig. 2, fit under 
the surface 67 of the running n^ 40, to lode 
the mner housing 31 in position in the outer 
housing 16, i.e^ to fasten mner boudng 31 120 
in position and prevent upward movement 
of ^e latter in outer housing 16. It will be 
remembered that fingers 68 are rigidly 
secured to the inner housing iMjdy 55. 

Chokes 37 and 39, and retaining or. motmt- 125 
ing nuts 61 and 66, arc positimied in the 
nmning nedt or orifice head 31, wiudi is 
imegXBl with or fixedly secured to tte mam 
body 55 of houang 31. 

The orifice head assembly 31 carries a 130 
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dling aedi 72 which is slidablc on the main 
y 55 of this assembly, so that it is slid- 
flble with respect to the fingers 68, secured 
to such body. Integral with the pulling neck 
5 72 is a locking sleeve 73 which surrounds 
the fingers 68 and, when drivoi down to the 
position iHustratcd in Fig. 2 prevents out- 
ward movement of the lower ends of ^ese 
fingers, and maintains the finger surfaces 71 
10 locked under the surface 67 of running neck 
40. That is to say, sleeve 73 serves as a 
ioddng means for the collet 69. 

When the loddng sleeve 73 is in the "up" 
or "running** or "pulling* or "unfastened" 
15 or "unlodod** position iBnstrated in Fig. 3, 
that is, when tlus sleeve is riding on the up- 
per taper of the cdlet fingers, the lower ends 
of the collet fingers (ic surfaces 71) are 
free to move outwardly from imdcr the 
20 running neck beveled surface 67, xhm per- 
mitting votical movement of inner housing 
31 with respect to the outer housing 16. 

The orifice head assembly 31 is run and 
pulled indepcndcndy of the outer housing 16. 
25 As previously described, the tube 57 is adap- 
ted to fit into the bore of the outer housing 
16, and when the tube is in its ultimate or 
operating position, the 0-rings 34 provide 
a seal Ixtwccn the outer surface of tms tube 
30 and the inner wall of housmg 16, below the 
outer housmg ports 54. Also, in the ultimate 
position of assembly 31, sleeve 62 of Ais 
assendsly seats in the outer housing runnmg 
ncdc 40. . ^ 

35 When going into the hole with the ormce 
head assembly 31 (assuming that the outer 
housmg 16 has previously been lodoed in 
posidon in the hole)^ the locking sleeve 73 
is held in the ''up" posirion ^.e., in the posi- 
40 tson illustrated in Fig. 3, with this deeve 
riding cm the upper taper of ther fingen 68 
whidi OMiiprise collet 69) by the running 
tod (not ^own)^ v^iich is lied on a wire 
Hne. When the running neck 40 of the outer 
45 bonsing 16 is reached by the collet fingers 
68, these fingers spring out and pass over this 
running neck. There is enough flexibility in 
these fingers (which are d^dly seemed onty 
at their upper ends to the inner housing body 
50 portion 55, as previously described) to allow 
passing over runnii^ ncdc 40. Sleeve 73 ss 
at this tunc m a po^on sudi as to allow 
^ outward ]n0vement of the lower aid of 
finger 68. • . , 

55 When the collet fingers have passed b^w 
the beveled wirface 67 at the lower end of 
neck 40, the fingers retract (La, move in- 
wanily) and fit under this nec k. By suitaMe 
manipulation of the wire fine equipment, the 
60 loddng sleeve 73 is then diivea downwardly, 
to the poatton ittnstxated hi Fig. 2, to fa^m 
or Utdk die orifice head assembly in position 
hi outer hoosmg 16. In the Fig. 2 portion, 
the lower ad of sfccve 73 closely surrounds 
eS the lower ends of fingers 68 and causes sur- 



faces 71 thereof to engage beveled surface 
67 of runniT^ neck 40. 

In the locked or operative position illus- 
trated in Fig. 2, the O— rings 34 of the 
orifice head asambly 31 arc in scaling posi- 70 
tion, and the O-cings 33 of this assesnl^y 
are also in sealing position, as described 
hercraabove. Then, flow from the two zones 
or producing formations takes place mde* 
pendently in die manner previously des- 75 
cribedy widi conmungling of the two streams 
downstream of or above the producdon zone 
chokes 37 and 39. 

Once the running and locking proccdtu^ 
for the orifice head assembly 31 has been 8G 
completed in the manner just described, the 
collet lode 69 can be released only by run- 
ning a pulling tool (on a wire line) and jarr- 
mg up on tiw pulling neck 72 of the orifice 
head assembly (whidh moves sleeve 73 up- 85 
wardly). When this is done, the orifice head 
assembly 31 can be pulled out of the outer 
housing 16, which latter rcmams in position 
in the hole. Thus, the chedk valves 23 and 
24 (which are secured to outer housing^ 16, 90 
as previously described) remain in position 
under these circumstances, maintaining 
separadon between the two producing zones 
at all times (it will be understood that 
pckers 21, 22, and 14, which also remain 93 
m pcsidon, contribute to diis result). 

As previously mentioned, a scpaiate test 
of one zone can be made whenever desired, 
by blanking off producdon from the other 
with a plugged choke bean. It will be le- 100 
memberul that this, with another producdon 
tes^ enables the opemtor to detemiine how 
much eadi of the two zones contributes to 
the total flow stream. This test proceduie re- 
quires two round trips with the orifice head 103 
assembly 31. However, the collet lock on the 
orifice head, the design of the lower end of 
orifice tube 57, and the design of the run- 
ning tool, which acts as a certalizer, combine 
to make ibas a very simple wire-line opera- 110 
don. 

Recapitulating, the tool of this invention 
offers the major advantages now to be pre- 
sented. It conserves energy, by allowing die 
surplus energy from one zone to lift fluid 115 
from a weaker zone to the snxface; it opens 
the way for simple, reladvely inexpensive 
concentric duals that can be produced to de- 
pledon without t3» disadvantages of casing- 
tubmg annulus flow; it increases the duly 120 
production rate (where one zone is d^dent); 
it increases the total recovery; and, it reduces 
cost. 

The muldple compledon tool of diis in- 
vcndon (viddx may be thought of as a dual 125 
flow chcME^ since producdon from two pro- 
ducing zones or formadons takes place 
throu^ respective chokes, prior to com- 
min^ing) can 1^ modified for use in single 
zone compledons^ that is» in welb producing 130 
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from a smgie zone; Li sudb a case, it would 
be used as a so<aIled bottomhole choke, 
with a single carbide bean (choke bean) con- 
tamed in the orifice head assonbly. In many 

S wells, this would enable eh*minati(Bi of the 
conventional surface gas heater, and pro- 
duction gains could be made. 

Reference should now be had to Kg. 4, 
which is a view similar to Fig. 2 but illns- 

10 strating the modified constmction. In this 
figure^ elements the same as those of Fig. 
2 are denoted hy the same reference 
numerals. In Fig. 4, the landing nipple 
assembly includes only the landing nipple 

15 portion 15a, the ported collar 15b and the 
poHdi nipple 15c of Fig, 2 being omitted. 
In Fig. 4, the landing nipple portion 15a 
is made somewhat longer than m Fig. 2, and 
below the "key*' recess 47 it is jwvided with 

20 a polled cjdindrical wall, to enable a seal 
TO be made by the pa(±ing means 22 which 
is caaied by ie outer housing 16. The lower 
end of landing nipple portion 15a is pro- 
Tided with male threads 74 which enable the 

25 lower end of this nipple portion to be coupled 
t o the adjacent section of the tubing (not 
shown). Packing means 22 seals the annuhis 
18 above tfueads 74, and prevents the flow 
of fluid upwardly through such ammlus. 

30 The equalizing valve 25 of Kg. 2 is not 
ntiLzcd in Fig. 4, so that in Fig. 4 the lower 
end of the outer housmg 16 opens directly 
into the interior of the mbing stiang. There- 
fore, fluid from the producing formation or 

35 2ane (widch first flows through casing per- 
forations imo the casing-tubing amrohis 
and tiience into the tubing by way of ports 
therein or through the lower open end there- 
of, as previously described in connection with 

40 Rgs, 1 and 2) flows fro mthe interior of die 
tubing vertically upward into the lower end of 
the outer housmg 16 of die tool, and thence 
vertically tipward in sudi housmg, duroigh 
the longhudinal bore therein. Packing means 

45 22 prevents the weD fluid from bypassing the 
des&cd flow path provided thnmgli the bore 
of outer housing 16. 

The landing and loddng means for the 
outer assembly or housing 16 is quite simi- 

50 lar to that descaibed in coanecnon with Rg. 
2y and operates in an exactly similar manner. 
The aforesaid means ia operated to retriev- 
abJy lock the outer housmg 16 at a piede- 
termrnrd location in the tubing. 

55 In Fig. 4, a constcucdon somevdiat dif- 
ferent from ^t of Fig. 2 is used for the 
orifice head assembly. 3ba Fig. 4, the inner 
bmishig or mfice head as^mUy 31^ is again 
a member separate from outo' hoiBing 16, 

60 and is retrievably faoened in position in such 
outer housing. The substantklty cylindrical 
main body portion 55' of orifice head as- 
sembly 31* is thickened and Ac prong-Hke 
tubnhr extension 57 (of Fig. 2} is omittEd. 

65 The lower end of body poniini 55* seats in 



the running neck 40 of the outer housing 16, 
and this body portion of the assembly 31* 
carries a pair (rf 0-rings 33, to provide a 
seal between the outer surface of this body 
and the inner wall of the running neck 40 of 70 
outer housing 16. 

The body pordon 55^ of orifice head 
assembly 31* terminates a short distance be- 
low the 0-rings 33, in a j^e substantially 
in alignment with the lower end of running 75 
nedc 40, i.e.5 substantially in alignment 
widi the junction of this running neck and 
tiie lower portion of housing 16. The body 
portion 55* of assembly 31' is provided with 
a central (axial) longitudinal bore 35 which 80 
communicates at its lower end with the longi- 
tudinal bore of outer housing 16. Bore 35 
provides a fluid flow passage throo^ the 
body 55* of the orifice head assembly. Fluid 
from the single producing zone, which flows 85 
vertically upward throu^ the longitudinal 
bore in outer housing iC flows upwardly in 
bore or passage 35. Bore 35 extends through- 
out the entire length of body portion 55^ and 
the upper end of this bore opens mto the 90 
lower end of a sleeve member 75 which is 
threadedly secured to the upper end of body 
55*. At the upper end of sleeve 75, there is 
mounted a r^laceable choke 37 having a 
caibidc-faccd dunoat 60. Choke 37, tiirougji M 
which all of the fluid from die producmg 
zone passes, controls the rate of flow of tiiis 
fluid. Choke 37, whose throat or passage 60 
otends axially of sleeve 75 is held in posi- 
tion at the upper end sleeve 75 by means 100 
of a threaded nut 61, jvpt as in Fig. 2. 

The structuze for retrievably fastening the 
orifice head assembly 31* in poation in the 
outer housing I65 ie., seated in lunnmg ned: 
40 of sudi outer housings is cxacdy die same 105 
as has previously been described in connec- 
tion with Fig. 2, and inchides the collet 69, 
the locking sleeve 73, etc Such description 
will not be repeated here. 

The bottom^lc choke of Fig. 4 has several 110 
achrantages, as compared to other chokes of 
tWs general categoiv. One of tijese is the case 
of changing the choke means or bean 37. More 
particulatjy, sibling and puDing the orifice 
head assei^bly 31^ of this invention is faster, 115 
more certain, and much simpler than running 
and pulling the cfaokebean-carrying mandrels 
previously tised as bottom-hole diokes. To 
diange the choke in prior devices, it is neces- 
sary to pnD tile entire tool; with the tool of 120 
tins invention, only the orifice head 31* is 
puSed and reset, the omer housing 16 re- 
maining in positicm in the hole. The am- 
stniction of the present invention also suhstan- 
tially eliminates danme to plastic-coated 125 
tubmg, since nothing which contacts the tub- 
ing need be puUcd in order to ctenge ilie 
dioke. 

Anotiier advantage of the bottom-hole 
choke of this invention is its longer life. Since 130 
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a nradi smaller choke bean is used, there can 
be ecoDomically used (at 37) an estremely 
hard bean, which redsts abraaon much better 
than die larger, softer beans used in conven- 
5 tional devices. 

Yet another advantage is that running a 
convendonal bottom-hole choke dirou^ liquid 
creates a problem of Uquid bypass, whidi 
problem is not present in the Fig. 4 device. 
10 The omer houang 16 in Fig. 4 (as in Fi|. 
2) Ins been stated to be a so-called * Ous 
Type S". However, it can be an "Ods Type 
J" mandrel or an "Ods Type B** mandreL 
Tl^ orifice head assembly 31' can be run and 
15 locked in all of these mandrels. 



WHAT WB CXAIWL IS:— 
1. A welt-flow cQ&trol device adapted to be 
podiicmed in wdl tubing for controUmg the 
flow <rf a fluid into the tubing from a pro- 

20 dndng formation^ comprising an outer hous- 
ing having an opening for communication 
wnh tiic interior of said tobxng means car- 
ried by the housing for rctricvably locldng 
the same at a predetermined location m the 

25 tubing, paddng means for dosmg the annular 
space between the housing and tubmg above 
said opening, said housing havin^^an internal 
flow channel extending upwardly frtma its 
opening; an inner houang having an internal 

30 ^d flow passage for communication with 
said flow channd and with the interior of 
said mlnng above said packing means; means 
cani«i by the inner houang for retrievably 
fastening the same in position in said outer 
35 housing, but allowing the withdrawal of the 
inner boudng Tritfaout the device from ithe 
wdL 

2. A device according to Claim 1 wherein 
the ™gr housing provides chdce means 

40 located m die fluid flow passage. 

3. A device according to Claim 2, wherem 
the dxdw means b positioned at the top of 
the inner housing, with die passage of the 
dioke means extooding longitudinally of ohe 

45 fluid flow passage. ^ . 

4. A device accwding to any <tf the pre- 
ceding Qtauns wherein tibe choke xoeans is re- 
xnovably secured in said iimer housing. 

5. A device according to any of the pr&» 
50 ceding Claims wherein the opoang is across 

die lower end of the outer housing. 

6- A device according to any <rf Qaims 1 
to 4 wherdn the opemng in the omer honai^ 
is a side port. ^ . ^ _i - 

55 7. A device aocardmg to Uaun d» wUctcm 
the outer housing side port comprises^ at least 
one narrow dongated sloe in die housing wall, 
the widdi dhmadon of said slot being 1^ 
than the diameter of the passage in die choke 

fjO means. 

8. A device adapted to be poshioned in 
wdl tubing for amtroDing the flow of fluids 
into the tnl^ from a phuality of producing 
formations, cmx^stng an outer housn^ hav- 



ing a ade pon for communication with the 65 
interior of said mbing; means carried by the 
houdng for retrievably locking the same at 
a predetermined location in the tubing, pack- 
mg means for dosmg the annular space be- 
tween the housing and mbmg above and 70 
below said port; said housing havin g a first 
mternal flow channel extending upwardly 
from its side port and a second mternal flow 
dumnd for upward fluid flow from beneath 
the padung means which is below said port; 75 
an iimer housing havmg tvro intemal fluid 
flow passages for communication respectively • 
with said first and second flow channels, 
both of said flow passages communicating 
also with the interior of said tubing above ©0 
die pad^g means srfiich is above said port; 
means carried by die inner housing for re- 
trievably fflsienmg the same m position m 
said outer housing but allowing the whh- 
drawal of the inner housmg without the tool 85 
from the well. 



9. A device according to Qaim 8 wherein 
the mner housing provides choke means 
located m at least one of the fluid flow pas- 
sages. ^ 

10. A device according to Claim 9 wherein 
the dioke means or each of them is positioned 
at the top of the inner housing, with the pas- 
sage of the choke means or each of them ex- 
tendmg Icn^tudinally of the fluid flow pas- 9- 
sage in which die choke means is located. 

IL A device according to Claim 10 where- 
in the outer housing side port comprises at 
least one narrow elongated slot in the housing 
waD, die vridth dnnensioa of said slot being 100 
less than the diameter of the passage of the 
choke means communicating with said slot. 

12. A device accordmg xa any of Claims 
9 to 11 wherein in the case when dioke 
means are provided in each of the fluid-flow Iw 
diannels of the inner housing, the two choke 
means are disposed parallel to one another. 

13. A device according to Qaim 12, 
wherein the two choke means are separately 
removs^ly secured in said iimer housing.^ IIG 

14. A device according to any of Claims 
8 to 13, wherein a resilient dieck valve mem- 
ber is provided in cadi of said diannels of 
the iner bousing for preventing downward 
fluid flow therem. 115 

15. A device according to any of Claims 
8 to 14> wherein the outer housing has a 
lower side port located bdow the paddng 
means whidi is below the first-mentioned 
side ixnt, said lower side port comnmnicat- 120 
ing with the interior cdf said tubing and with 
^Sd second flow channd of the outer hous- 
ing. 

16. A device accordhig to Claim 15, 
wherein die outer housing lower side ports 125 
comprises at least one narrow dongated slot 
in the housing wall, the width dimension of 
the slot being less than the diameter of the 
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passage in any choke means conunnnicating 
with the slot 

17. A device acooxding to Claim 15 

15 wherein the annular space between the 
5 outer housing and the inner honsiiig above 
said lower side port is dosed by packing 

18. A flow control device, comprising a 
main flow control device and an au}uliary 

K flow control device which can be removed 
from the main flow control device without 
removing the latter from the wdl, for a well 
flow conductor having a longitodinal flow 
passage and a first lateral port oommunlcat- 
15 mg with the flow passage intermediate the 
ends thereof^ the main flow control device 
mclucHng: an elongated mandrel positiiHi&i 
in the well flow amducior and jHovided with 
an internal flow passage for commumcatxng 
20 at its upper end with the flow passage m 
the well flow conductor and widi a second 
lateral pon mtermediate the ends of the man- 
did for communicating with the extenor of 
the mandrd and said mtcmal flow passage 
25 ^rid with said first lateral port; seal means 
carried by the mandrd for sealing betweea 
the wdi flow conductor and die noandrd be- 
low said lateral ports, said mandrd having 
an aperture for communicating with the flow 
30 passage of the well flow condncmr bdow 
the seal means; means carried by ^e man- 
drd permitting flow in one diiecdon oaily 
into die internal flow passage of the mandrd 
through said second hteral port and said 
35 aperture; the auxiliary flow control device 
being releasably securable to die upper end of 
the mandrd aiid having means entending into 
the said internal flow passage providing with 
said internal flow passage, T^en the auxiliaxy 
40 flow control device is secured to the main 
flow control device^ a first flow passage com- 
municating with said second lateral port of 
the mandrd and opening upwardly into the 
well flow conductor above said first lateral 
45 port and providmg a second flow passage 
communicating with said aperture and open- 
ing upwardly into the wdi flow conductcr. 

19. A main flow control device according 
to Claim 18 wherein seal means is provided 
50 on said mandrd for seafing between the man- 
drd and the wdi flow condncmr above said 
ports. 



20. A main flow cantrol device according 
to Claim 19 wherein means are carried by 

the mandrel for releasably securing the man- 55 
did in die wdi flow conduaor and wherein 
die auxiliary flow contrd device has means 
in each of said first and second flow passages 
providing restricted orifices of predetetmtned 
rdative sizes. ^ 

21. A mam flow control device^ according 
to Claim 20 wherein ^d auxiliary flow con-- 
tiol device comprises a mbe ottenaon tdes- 
copable into said mandrd and having its 
lower end communicating with the aperture 55 
of the mandreL 

22. A main flow control device^ according 
to Oaim 21 iR^ierein seal means are provided 
between the mandrd and die tube extension 
disposed between said second lateral port 70 
and the aperture of the mandrel 

23. A main flow control device, according 
to any of Qairas 18 to 22 wherein the xnan- 
drd is provided with a downwardly fadng 
shoulder at the upper end thereof, the 75 
auxiliary flow control device having means 

for engaging the downwardly fadng shoulder 
to rdeasabl^ secure the anxfliaiy flow control 
device to the mandrd. 

24- A main flow control device according 80 
to Qaim 23 ^erem a lod: means is pro- 
dded on die auxiliary flow control device 
for hddmg the xdeasable means against dis* 
engEigcmcnt from die downwaxdly facing 
should^. 85 

25. A main flow control device according 
m any of Claims 21 to 24 wheteia said 
auxiltary flow control device has a body pro- 
vided with a pair of upward^ opening flow 
passages, one of said passages communicating 90 
with said second lateral pan; and the otiier 

of said passages of the body communicating 
with said aperture. 

26. A flow control device substandally as 
herem described with reference to Figures 1, 95 
2A, 2B, 2C, 2D, and 3 or Figures 4A, 4B, 
4C, and 4D of the acconqianying drawings. 
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